Microbacterium oleivorans is a predominant member of hydrocarbon-contaminated environments. We here report on the genomic analysis of M. oleivorans strain Wellendorf that was isolated from an indoor door handle. The partial genome of M. oleivorans strain Wellendorf consists of 2,916,870 bp of DNA with 2831 protein-coding genes and 49 RNA genes. The organism appears to be a versatile mesophilic heterotroph potentially capable of hydrolysis a suite of carbohydrates and amino acids. Genomic analysis revealed metabolic versatility with genes involved in the metabolism and transport of glucose, fructose, rhamnose, galactose, xylose, arabinose, alanine, aspartate, asparagine, glutamate, serine, glycine, threonine and cysteine. This is the first detailed analysis of a Microbacterium oleivorans genome.
Introduction
The strain Wellendorf was isolated from a door handle surface with frequent human use in Stillwater, OK as part of the Student Initiated Microbial Discovery (SIMD) project (introduced in [1] ). The Microbacterium genus is a phylogenetically and physiologically diverse genus with members ubiquitously found in polycyclic aromatic hydrocarbon (PAH)-contaminated [2, 3] , as well as heavy metal-contaminated [4, 5] soils. PAHs and heavy metals are persistent environmental contaminants with both environmental and human health concerns [6] [7] [8] . Genomic analysis of strains belonging to the genus Microbacterium can contribute to our understanding of the molecular mechanisms of PAHs degradation and heavy metal mobilization and could potentially contribute to natural-attenuation-based, and engineered bioremediation schemes in multiple environments [9, 10] . Here we present the draft genomic sequence, and first detailed genomic annotation and analysis of a Microbacterium oleivorans strain.
Materials and methods

Genome project history
The draft assembly and annotation were completed in 2015-2016. Table 1 shows the genome project information.
Growth conditions and genomic DNA preparation
M. oleivorans strain Wellendorf was grown overnight at 30°C on tryptic soy agar plates. Genomic DNA of high sequencing quality was isolated using the MPBio PowerSoil® DNA extraction kit according to manufacturer's instructions. Negative stain TEM micrographs were obtained using the services of the Oklahoma State University Microscopy Lab. Briefly, the sample was placed on a carbon film TEM grid and allowed to incubate for 2 min, after which the excess liquid was wicked off. Phosphotungestic acid (PTA; 2% w/v) was then added to the grid followed by a 45-s incubation. Excess PTA was blotted off and the grid was allowed to dry before it was visualized using JOEL JEM-2100 transmission electron microscope.
Genome sequencing and assembly
The genome of M. oleivorans strain Wellendorf was sequenced using the Illumina MiSeq platform at the University of Georgia Genomics Facility using 2 × 300 paired end chemistry and an average library insert Genomics Data 10 (2016) 54-60 size of 700 bp. Quality filtered sequence data were assembled with the short read de Bruijn graph assembly program Velvet [11] using a kmer value of 101 bp and a minimum contig coverage value of 7 ×. The genome project is deposited in GOLD (Genomes On-Line Database) and this Whole Genome Shotgun (WGS) project has been deposited in GenBank under the accession MAYO00000000. The version described in this paper is version MAYO01000000.
Genome annotation
Gene models were created using the prokaryotic gene calling software package Prodigal [12] . A total of 2885 gene models were predicted. The average gene size was 961 bp. Translated protein sequences were functionally annotated using a combination of NCBI Blast C++ homology search and HMMER 3.0 [13] hmmscan against the PFAM 26.0 database [14] . Additional gene analysis and functional annotation were carried out through the Integrated Microbial Genomes Expert Review (IMG-ER) platform.
Phylogenetic analysis
A maximum likelihood phylogenetic tree was constructed using multiple sequence alignments of 16S rRNA genes sequences. Multiple sequence alignment was conducted in Mega, as were the selection of the best substitution model, and the maximum likelihood analysis [15] . The tree was obtained under "TN93 + G + I" model with, a proportion of invariable sites of 0.25, and a variable site γ shape parameter of 0.51. Escherichia coli partial 16S rRNA gene isolate ECSD9 was used as the outgroup. Bootstrap values, in percent, were based on 200 replicates. 
Comparative genomics
We sought to compare the genome of Microbacterium oleivorans strain Wellendorf to 17 closely related genomes (IMG genome IDs: 2576861779, 2519899511, 2639762631, 2627854169, 2619619265, 2609459760, 2576861795, 2639762630, 2636415545, 2645728100, 2540341240, 2643221903, 2627854213, 2541047020, 2608642165, 2522572100, and 2526164566) using the "Genome clustering" function on the IMG-ER analysis platform based on the COG profile. We also used principal component analysis to compare the genomes based on several genomic features including the genome size, the number of genes, the number of transporters identified, the GC content, the number of noncoding bases, the number of genes belonging to COG categories, as well as the number of genes belonging to each COG category [16, 17] . The PCA analysis was conducted using the "princomp" function in the labdsv library of R [18] . The results were visualized using a biplot, where genomes were represented by stars and genomic features or COG categories used for comparison were represented by arrows, where the arrow directions follow the maximal abundance, and their lengths are proportional to the maximal rate of change between samples.
Results and discussion
Classification and features
Cells of M. oleivorans strain Wellendorf are Gram positive, non-motile, aerobic irregular rods that were arranged in pairs ( Fig. 1 ). Colonies on TSA agar were orange-red.
Within the genus Microbacterium, 94 species are described with validly published names. Strain Wellendorf shares 93.23-100% 16S rRNA gene identity with other species in the Microbacterium genus ( Table  2 ). Compared to other Microbacterium oleivorans strains with sequenced genomes, Strain Wellendorf shares 99% 16S rRNA gene similarity with Microbacterium oleivorans strains CD11_3 (GenBank accession number LSTV00000000) and NBRC 103075 (GenBank accession number BCRG01000000), and 100% similarity to strain RIT293 [19] . Phylogenetic analysis based on the 16S rRNA gene placed strain M. oleivorans BAS69 as the closest taxonomic relative of M. oleivorans strain Wellendorf (Table 3 and Fig. 2 ).
Genome properties
The genome assembly produced a contig N50 of 2,860,671 bp with a total genome size of 2,916,870 bp. The GC content was 69.57%. Forty nine RNA genes were identified in the genome including 4 ribosomal RNA and 45 tRNA genes. The ribosomal RNA operon showed an atypical organization. Of the 2885 detected, 2831 were protein-coding, of which 76.26% had a function prediction, 65.34% represented a COG functional category, and 4.99% were predicted to have a signal peptide. Psort [20] classified proteins as 49.45% cytoplasmic, 0.85% extracellular, and 31.54% associated with the membrane. Based on the presence of 139 single copy genes [21] , the genome is predicted to be 77.69% complete. Genome statistics are shown in Table 4 . The distribution of genes into COG functional categories is shown in Table 5 .
Insights from the genome sequence
Genome analysis of M. oleivorans strain Wellendorf identified a Gram positive microorganism with an atypical cell wall structure, with genomic evidences of a peptidoglycan layer lacking pentaglycine bridges and with meso-diaminopimelic acid (meso-DAP) as the second amino acid in the peptide linkage. This is different from Microbacterium oleivorans type strain whose cell wall was shown to be devoid of meso-DAP [22] . We identified genes encoding for the biosynthesis of the phosphoglycerolipid CDP-diacyl-glycerol in the genome. The analysis also revealed the absence of flagellar assembly genes and the presence of extracellular structures including Flp and Type IV pilus.
Further genomic analysis identified almost compete to complete catabolic KEGG pathways for each of the following carbon sources; glucose, fructose, rhamnose, galactose, xylose, arabinose, alanine, aspartate, asparagine, glutamate, serine, glycine, threonine and cysteine, and fatty acids as carbon and energy sources. The genome also encodes a complete TCA cycle and electron transport chain with P/V/-type ATPase subunits confirming the aerobic nature of the microorganism. While lactate and acetate fermentation capabilities were also identified in the genome, the facultative nature of this organism was not confirmed in the lab. Genomic analysis suggested auxotrophy for arginine, asparagine, thiamine, ubiquinone and biotin. In agreement with this observation, comparison of the protein-coding genes against the transporter database [23] identified several ABC and secondary transporters that could potentially import these elements. Fig. 2 . A maximum likelihood phylogenetic tree constructed using multiple sequence alignments of 16S rRNA genes. "Microbacterium oleivorans strain Wellendorf" sequence is shown in bold. GenBank accession numbers are given in parentheses. The tree was obtained under "TN93 + G + I" model with, a proportion of invariable sites of 0.25, and a variable site γ shape parameter of 0.51. The tree was rooted using Escherichia coli partial 16S rRNA gene isolate ECSD9 (not shown). Bootstrap values, in percent, are based on 200 replicates and are shown for branches with N50% bootstrap support. Multiple sequence alignment, model selection, and maximum likelihood analysis using MEGA [15] . The total is based on the total number of protein coding genes in the genome. When compared against the virulence factor database [24] , the genome of M. oleivorans strain Wellendorf showed 668 virulence factor hits (19% of the protein-coding genes). These included secretion systems Type I and Type VII, among others.
The Wellendorf genome also encoded several proteins with bioremediation potential. These include enzymes for 4hydroxyphenylacetate degradation via the meta-cleavage pathway, as well as for detoxification of nitronate [25] , a known plant-secreted toxin [26] , and of nitriloacetate [27] , a chelating agent used in industry and frequently encountered in soil [28] . The genome also encodes for enzymes that can salvage S from organo-S-compounds (e.g. alkanesulfonates) in cases of limiting inorganic S [29] .
Insights from comparative genomics
When the genome of M. oleivorans strain Wellendorf was compared to 17 closely related genomes based on their COG profile, the genome clustered with Microbacterium olievorans strain RIT293 (Fig. 3A) . A closer look at the COG function profile of M. oleivorans strain Wellendorf in comparison to only Microbacterium oleivorans strains is shown in Table  S1 . Similarity to M. oleivorans strains at the functional level was in agreement with the phylogenetic position of the isolate as a member of the genus (Fig. 2 ). We used genomic features including the genome size, the number of genes, the number of transporters identified, the GC content, the number of non-coding bases, the number of genes belonging to COG categories, as well as the number of genes belonging to each COG category to cluster M. oleivorans strain Wellendorf genome in comparison to the 17 other closely related genomes. Results are shown in Fig.  3B . The genome of M. oleivorans strain Wellendorf clustered with the other M. oleivorans genome based on the enrichment in the number of transporters identified in the genomes.
Conclusions
This study presents the genome sequence and annotation of Microbacterium oleivorans strain Wellendorf. The genome revealed an extensive sugar and amino acid degradation machinery (for glucose, fructose, rhamnose, galactose, xylose, arabinose, alanine, aspartate, asparagine, glutamate, serine, glycine, threonine and cysteine). Comparison to the virulence factor database identified 668 genes in the genome with potential virulence-associated function including type Type I, and Type VII secretion systems. The genome also suggests the capability of degradation of fatty acid and the detoxification of several environmental contaminants including phenylacetate, nitronate, and nitriloacetate. Comparative genomics using general genomic features as well as the COG function profile coincided with the phylogenetic position predicted based on the 16S rRNA gene sequence and clustered the strain Wellendorf with another representative of the M. oleivorans species.
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